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(57) ABSTRACT 

A rechargeable battery arrangement in which total Service 
capacity for discharge from full charging to a final discharge 
Voltage varies according to discharge conditions for dis 
charging charged electric charge, comprising: an integration 
member which integrates quantity of electric charge dis 
charged between a point of Start of discharge after charging 
and the present; a data Storage member for Storing a plurality 
of total Service capacities for discharge at a plurality of 
values of discharge current, respectively in unique associa 
tion with a specific one of the total Service capacities for 
discharge at a Specific one of the values of discharge current; 
a current detection member for detecting a present value of 
discharge current; and a calculation member which obtains, 
from data obtained by the data Storage member on the basis 
of the present value of discharge current detected by the 
current detection member, a total Service capacity corre 
sponding to or closest to the present value of discharge 
current and calculates, from the total Service capacity and an 
integrated value obtained by the integration member, a 
residual capacity of electric charge for discharge. 

7 Claims, 9 Drawing Sheets 



US 6,294.894 B1 Sheet 1 of 9 Sep. 25, 2001 U.S. Patent 

u || NEHHT|0 

|)|O BOHDOS HENWOd 

  





U.S. Patent Sep. 25, 2001 Sheet 3 of 9 US 6,294.894 B1 

Fig.2B 
GA) 

S105 
DETECT BATTERY 
DETERIORATION 
DEGREEL 

S 1 O 6 
OBTAIN CORRECTION 

FACTOR K 

S 1 O 7 

S108 

Q-Qa-Q 
S109 

TL=Q/i 



U.S. Patent Sep. 25, 2001 Sheet 4 of 9 US 6,294.894 B1 

Fig.4 
CELL VOLTAGE 

3.OV 

TOTAL SERVICE CAPACITY (mAh) Q2 

  



US 6,294.894 B1 Sheet 5 of 9 Sep. 25, 2001 U.S. Patent 

NO|10B1EQ 'dWEL 

e |TTHO U |TTEO 

NO|10B1EG EÐVITOA 

O O 
N 

O. d) 
-S-S-S-S-S-- -------------N 

|X|O BOH?OS HEMOd 

  

  

  

  

  

  



US 6,294.894 B1 Sheet 6 of 9 Sep. 25, 2001 U.S. Patent 

ON 

ELW1S (JESTINTI HO-| 9NISSE OOHd 

807S 
ON 

CINE 

SE Å 

| 077S 

ON 

| 'dWEL Å HELLWE ONW | NEHHT|O BØHWHOSIO -}O ! E[\TWA 10E 130 SEA A EÐVITOA LOE LEO 

208S 
?EÐHWHOSIO HECIN?E 

  

  

  

  

  

    

  

  

  

  

  

  

  

  



U.S. Patent Sep. 25, 2001 Sheet 7 of 9 US 6,294.894 B1 

Fig.6B 
GA) 

S305 
OBTAIN INTEGRATED 
QUANTITY Q OF 
DISCHARGED 
ELECTRICITY 

S306 
DETECT BATTERY 
DETERIORATION 
DEGREEL 

S307 
OBTAN CORRECTION 

FACTOR Ki 
S 3 O 8 

S 3 O 9 

S310 
TL=Q/i 

END 

  



U.S. Patent Sep. 25, 2001 Sheet 8 of 9 US 6,294.894 B1 

Fig. 7 
CELL VOLTAGE 

  



U.S. Patent Sep. 25, 2001 Sheet 9 of 9 US 6,294.894 B1 

Fig.8 7g 

EEATERY TEM 55C 
0.2c 
0.50 On 

20c 

75(3.4V) 

76(3.2V) 

  

  



US 6,294,894 B1 
1 

RECHARGEABLE BATTERY 
ARRANGEMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to a rechargeable 

battery arrangement including a rechargeable battery, a 
rechargeable battery pack, etc. and more particularly, to a 
lithium ion secondary battery (lithium battery) and its 
rechargeable battery pack, which each include an internal 
circuit capable of externally outputting a residual capacity of 
the battery corresponding to a State of use of the battery. 

2. Description of the Prior Art 
Conventionally, when a lithium battery or the like has 

been discharged, the Storage battery is initially charged at 
constant current. Then, when the Storage battery has been 
considerably charged to a Substantially full charging State, 
its charging is changed over to that at constant Voltage. 
During charging of the Storage battery at constant Voltage, 
when charging current has reached not more than a prede 
termined value or charging Voltage has reached not less than 
a predetermined value, a charging Switch is turned off by 
judging that the Storage battery has been charged fully, 
thereby resulting in termination of the charging. In order to 
prevent overcharge, a controller for controlling charging or 
a portion of its circuit is incorporated into or provided 
integrally with a lithium ion battery or its rechargeable 
battery pack. 

The rechargeable battery or the rechargeable battery pack 
of this kind is incorporated into an electronic device Such as 
a portable computer, a handheld electronic device or the like. 
When voltage of the rechargeable battery has dropped to not 
more than a predetermined value, the rechargeable battery is 
charged by a charging circuit in the electronic device. When 
charging of the rechargeable battery by charging current has 
been completed, the charging is terminated. Then, when the 
electronic device is driven by the battery, the battery per 
forms discharge So as to Supply electric power to the 
electronic device. To this end, a controller for controlling 
charging is provided with a relay or a relay device for 
effecting bidirectional flow of electric current between a 
positive electrode of the rechargeable battery and a charging 
terminal So as to Switch direction of electric current. 
Meanwhile, a diode is inserted in Series in a direction of each 
of charging and discharge So as to have a diode changeover 
circuit which Selects electric current in one direction and 
blockS electric current in the opposite direction. 
When the electronic device having the rechargeable bat 

tery of this kind is connected to an AC power Source and is 
not being operated or is being operated, the rechargeable 
battery is charged. When the electronic device is operated by 
disconnecting the electronic device from the AC power 
Source, the electronic device is operated by electric power 
from the rechargeable battery. 

Recently, batteries conforming to Smart battery Standards 
have been developed and used as batteries to be incorporated 
into electronic devices of this kind. In the Smart battery 
standards, a processor (MPU) in the electronic device and a 
control circuit which is provided as an internal circuit of the 
rechargeable battery and includes a further processor (MPU) 
are connected to each other by an SM (System management) 
buS Such that the further processor of the rechargeable 
battery can transmit data on States of the rechargeable 
battery to the processor of the electronic device. One of such 
data on States of the rechargeable battery includes data on a 
residual capacity of the rechargeable battery. The data on the 
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2 
residual capacity of the rechargeable battery is usually used 
for judging whether or not data processing Scheduled in the 
electronic device can be performed without malfunction by 
the present residual capacity of the rechargeable battery. 

In the conventional battery conforming to the Smart 
battery Standards, in case the data on a residual capacity of 
the rechargeable battery is transmitted to the electronic 
device, discharge current is detected each time the electronic 
device has been used So as to obtain a quantity of consumed 
electricity, i.e., a quantity of discharged electricity from 
current consumed between a point of full charging and the 
present Such that the residual capacity of the rechargeable 
battery is obtained by Subtracting the obtained quantity of 
consumed electricity from a total Service capacity up to a 
preset final discharge Voltage, for example, a fixed total 
Service capacity Qo having 3.0 V as the final discharge 
Voltage. 

However, if discharge conditions Such as discharge 
current, temperature, etc. Vary, the total Service capacity up 
to termination of discharge also varies, thereby resulting in 
variations of residual capacity of the discharge battery. In 
case Such a phenomenon is not taken into consideration, the 
residual capacity of the rechargeable battery should be 
calculated So as to include allowance for variations of the 
discharge conditions. Therefore, Such a problem arises that 
Since the calculated residual capacity of the rechargeable 
battery becomes inaccurate and the residual capacity of the 
rechargeable battery is outputted in a State where the 
rechargeable battery has not been used Sufficiently, charging 
of the rechargeable battery is repeated many times and thus, 
operating efficiency of the rechargeable battery deteriorates 
on the contrary. 

SUMMARY OF THE INVENTION 

Accordingly, an essential object of the present invention 
is to provide, with a view to eliminating the above men 
tioned drawbacks of prior art, a rechargeable battery 
arrangement which includes an internal circuit capable of 
not only externally outputting a residual capacity of a 
rechargeable battery corresponding to a State of use of the 
rechargeable battery but improving operating efficiency of 
the rechargeable battery. 

In order to accomplish this object of the present invention, 
a rechargeable battery arrangement in which total Service 
capacity for discharge from full charging to a final discharge 
Voltage varies according to discharge conditions for dis 
charging charged electric charge, according to the present 
invention comprises: an integration means which integrates 
quantity of electric charge discharged between a point of 
Start of discharge after charging and the present, a data 
Storage means for Storing a plurality of total Service capaci 
ties for discharge at a plurality of values of discharge 
current, respectively in unique association with a specific 
one of the total Service capacities for discharge at a specific 
one of the values of discharge current; a current detection 
means for detecting a present value of discharge current; and 
a calculation means which obtains, from data obtained by 
the data Storage means on the basis of the present value of 
discharge current detected by the current detection means, a 
total Service capacity corresponding to or closest to the 
present value of discharge current and calculates, from the 
total Service capacity and an integrated value obtained by the 
integration means, a residual capacity of electric charge for 
discharge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This object and features of the present invention will 
become apparent from the following description taken in 
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conjunction with the preferred embodiments thereof with 
reference to the accompanying drawings in which: 

FIG. 1 is a circuit diagram showing a lithium rechargeable 
battery according to a first embodiment of the present 
invention incorporated into an electronic device; 

FIGS. 2A and 2B are flowcharts showing processings for 
calculating a residual capacity of the battery of FIG. 1; 

FIG. 3 is a view explanatory of a table on total service 
capacities of the battery of FIG. 1 corresponding to its 
deterioration degrees, respectively; 

FIG. 4 is a graph showing characteristics of total Service 
capacities of the battery of FIG. 1 at specific values of 
electric current, respectively; 

FIG. 5 is a circuit diagram showing a lithium rechargeable 
battery according to a Second embodiment of the present 
invention incorporated into an electronic device; 

FIGS. 6A and 6B are flowcharts showing processings for 
calculating a residual capacity of the battery of FIG. 5; 

FIG. 7 is a graph showing characteristics of total Service 
capacities of the battery of FIG. 5 at specific electric 
currents, respectively; and 

FIG. 8 is a view explanatory of a table on integrated 
quantities of discharged electricity of the battery of FIG. 5 
Versus values of electric currents at Specific Voltages. 

Before the description of the present invention proceeds, 
it is to be noted that like parts are designated by like 
reference numerals throughout Several views of the accom 
panying drawings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to FIG. 1, a lithium rechargeable battery 10 
according to a first embodiment of the present invention, 
which acts as a rechargeable battery arrangement, is detach 
ably mounted in an electronic device 20. The rechargeable 
battery 10 has a built-in charging control circuit and includes 
a plurality of lithium battery cells (battery units) 1a, 1b, -- 
-, 1n which are connected to each other in series. In FIG. 1, 
the three battery cells 1a, 1b and 1n only are illustrated for 
the sake of clarity. Meanwhile, the electronic device 20 
includes a device body 21 in which a power Source circuit 
22 and a microprocessing unit (MPU) 23 are provided. The 
battery cells 1a, 1b and 1n receive charging current from the 
power source circuit 22 of the device body 21 through a 
charge and discharge terminal 14a, a power Source line 
+Vcc, a charge and discharge Switching circuit 13, while 
electric power is supplied to the device body 21 via the 
charge and discharge terminal 14a by discharge current from 
the battery cells 1a, 1b and 1n. Meanwhile, a present 
residual capacity is read from the rechargeable battery 10 by 
the MPU 23 of the device body 21 via an SM (system 
management) bus 12. 

Meanwhile, the power Source line +Vcc is connected to 
the charge and discharge terminal 14a and is connected to 
the device body 21 through the charge and discharge termi 
nal 14a. A ground line GNDL is connected to a grounding 
terminal 14b and is connected to ground of the device body 
21 via the grounding terminal 14b. 

The built-in circuit of the rechargeable battery 10 is 
usually formed by a CMOS (complementary metal oxide 
Semiconductor) or the like and is of a low power consump 
tion type having low clock frequency. Since operating power 
of this built-in circuit is quite Small, this built-in circuit is 
operated by electric power from the rechargeable battery 10 
except for a case in which the rechargeable battery 10 is 
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4 
being charged. Full charging of the rechargeable battery is 
detected when a terminal Voltage of the battery cell has 
assumed not less than a predetermined value, for example, 
4.3 V. 
The power source circuit 22 of the device body 21 

includes a circuit for Switching power Source of the device 
body 21 to the rechargeable battery 10 and a commercial AC 
power source. The device body 21 is usually operated by 
electric power from the commercial AC power Source. The 
charge and discharge Switching circuit 13 is provided 
between a positive electrode of the battery cell 1a and the 
power Source line +Vcc and has a charge Switch and a 
discharge Switch Such that the charge Switch and the 
recharge Switch are Subjected to on-off control by a control 
ler 2 of the rechargeable battery 10 in response to charging 
and discharge. Meanwhile, the power Source line +Vcc may 
be directly connected to the positive electrode of the battery 
cell 1a by eliminating the charge and discharge Switching 
circuit 13. In addition to the controller 2, a Voltage detection 
circuit 3, a current detection circuit 4 and a temperature 
detection circuit 5 are provided in the rechargeable battery 
10. 
The Voltage detection circuit 3 is connected to a positive 

electrode and a negative electrode of each of the battery cells 
1a, 1b and 1n So as to detect terminal Voltages of the 
respective battery cells 1a, 1b and 1n and outputs the present 
voltages of the respective battery cells 1a, 1b and 1n to the 
controller 2 in accordance with a control signal from the 
controller 2. When it is found from the voltages of the 
battery cells 1a, 1b and 1n that one of the battery cells 1a, 
1b and 1n is under overcharge, the controller 2 controls the 
charge and discharge Switching circuit 13 So as to turn off the 
charge Switch of the charge and discharge Switching circuit 
13 such that charging of the one of the battery cells 1a, 1b 
and 1n is terminated. On the contrary, when it is found from 
the voltages of the battery cells 1a, 1b and 1n that one of the 
voltages of the battery cells 1a, 1b and 1b is under 
Overdischarge, the controller 2 controls the charge and 
discharge Switching circuit 13 So as to turn off the discharge 
Switch of the charge and discharge Switching circuit 13 Such 
that discharge of the one of the battery cells 1a, 1b and 1n 
is terminated. 
The current detection circuit 4 has a detection resistor RS 

inserted in Series between the negative electrode of the 
battery cell 1n and the ground line GNDL. The current 
detection circuit 4 outputs a present value of charging 
current or discharge current to the controller 2 in accordance 
with a control signal from the controller 2. Meanwhile, 
whether electric charge is charging current or discharge 
current depends on polarity of a terminal Voltage of the 
detection resistor Rs. The temperature detection circuit 5 has 
a temperature Sensor (not shown) and receives a signal on a 
present temperature from the temperature Sensor So as to 
output the present temperature to the controller 2 in accor 
dance with a control Signal from the controller 2. 
The controller 2 includes a microprocessing unit (MPU) 

6, a memory 7, an A/D converter 8 and a display unit 9 
which are connected to one another by a buS 11 and receive 
the above mentioned control signals through the bus 11. The 
detection signals from the Voltage detection circuit 3, the 
current detection circuit 4 and the temperature detection 
circuit 5 are delivered to MPU 6 via the A/D converter 8. 
The memory 7 includes a program 7a for calculating an 
integrated quantity of discharged electricity, a program 7b 
for detecting a battery deterioration degree, a program 7c for 
calculating a residual capacity of the battery, a program 7d 
for calculating a residual Service life of the battery, a table 
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7e having a plurality of tables showing total Service capaci 
ties corresponding to the battery deterioration degrees, 
respectively and a parameter Storage area 7f. The number N 
of charging operations and a reference total Service capacity 
Qo to be described later are Stored in the parameter Storage 5 
area 7f 
The MPU 6 fetches the program 7a from the memory 7 

periodically at a predetermined period At by the MPU 6 so 
as to execute the program 7a. When the MPU 6 has executed 
the program 7a, the MPU 6 obtains a present value i of 
discharge current of the rechargeable battery 10 from the 
current detection circuit 4 in accordance with the control 
Signal and Stores the present value i of discharge current in 
the memory 7. Furthermore, the MPU 6 calculates an 
integrated quantity of electricity discharged from a point of 
full charging to the present, i.e., an integrated quantity Q, of 
discharged electricity by adding to a previous integrated 
quantity Q, of discharged electricity a consumed Service 
capacity of (iXAt) obtained from the present value i of 
discharge current and the period At So as to Store the 
integrated quantity Q, of discharged electricity and fetches 20 
the program 7b from the memory 7. 

The program 7b is provided for judging a battery dete 
rioration degree corresponding to the number of charging 
and discharge cycles. When the MPU 6 has executed the 
program 7b by fetching the program 7b from the memory 7, 25 
the MPU 6 obtains a present temperature T of the recharge 
able battery 10 from the temperature detection circuit 5 and 
Stores the present temperature T of the rechargeable battery 
10 in a predetermined area of the memory 7. When the 
number N of charging operations ranges from 1 to 100, from 30 
101 to 200 and from 201 to 300 and is not less than 301, the 
MPU 6 judges that deterioration degrees L of the recharge 
able battery 10 are 1, 2, 3 and 4, respectively by referring to 
the number N of charging operations Stored in the parameter 
Storage area 7f and Stores in the memory 7 the deterioration 35 
degree N obtained at this time. Subsequently, the MPU 6 
fetches the program C from the memory 7. The number N of 
charging operations Stored in the parameter Storage area 7f 
is incremented by the controller 2 each time charging is 
performed. Thus, the number N of charging operations has 40 
an initial value of “0”. 

Generally, Since a rechargeable battery deteriorates upon 
repetition of charging and discharge cycles, total Service 
capacity of the rechargeable battery gradually decreases due 
to this deterioration of the rechargeable battery. Therefore, in 45 
this embodiment, the number N of charging operations is 
used as a factor for judging deterioration of the rechargeable 
battery. However, the deterioration degree L can also be 
judged based on actual reduction of total Service capacity as 
follows. A total service capacity from the previous full 50 
charging to a final discharge Voltage is integrated by the 
program 7a and a total Service capacity at the time of the 
present full charging is Stored in the memory 7. The total 
Service capacity is classified into four ranges corresponding 
to the deterioration degrees, respectively in the same manner 55 
as described above. By judging in which one of the ranges 
the total Service capacity of the present full charging falls, 
the deterioration degree of the rechargeable battery 10 is 
determined. Alternatively, the total Service capacity of the 
present full charging may be Stored in the parameter Storage 60 
area 7 fin place of the number N of charging operations and 
read out of the parameter Storage area 7f at the time of 
discharge after the next full charging So as to determine the 
deterioration degree of the rechargeable battery 10 at the 
time of discharge after the next full charging. By utilizing 65 
the thus determined deterioration degree L of the recharge 
able battery 10, the following processing is performed. 

15 

6 
When the MPU 6 has executed the program 7c by fetching 

the program 7c from the memory 7, the MPU 6 selects the 
table corresponding to the determined deterioration degree L 
of the rechargeable battery 10 by referring to the table 7e and 
obtains from the table a correction factor Ki corresponding 
to a value of discharge current closest to the present value i 
of discharge current and a temperature closest to the present 
temperature T of the rechargeable battery 10 so as to 
calculate a total Service capacity Q, corresponding to the 
deterioration degree L of the rechargeable battery 10 by 
multiplying the reference total Service capacity Q by the 
correction factor Ki, i.e., Q=QoxKi. Then, by using the 
integrated quantity Q, of electricity discharged up to the 
present and the total service capacity Q, the MPU 6 
calculates a residual capacity Q, of the rechargeable battery 
10 by Subtracting the integrated quantity Q, of discharged 
electricity from the total Service capacity Q, i.e., Q.-Q- 
Q.. Thereafter, the MPU 6 fetches the program 7d from the 
memory 7. 
When the MPU 6 has executed the program 7d by 

fetching the program 7d from the memory 7, the MPU 6 
calculates a residual Service life TL of the rechargeable 
battery 10 by dividing the residual capacity Q, of the 
rechargeable battery 10 by the present value i of discharge 
current, i.e., TL=Q/i. Then, the MPU 6 outputs this residual 
service life TL of the rechargeable battery 10 to the display 
unit 9 and further outputs the residual service life TL of the 
rechargeable battery 10 to the MPU 23 of the device body 
21 via the SM bus 12 through interruption. Meanwhile, in 
this case, the residual Service life TL of the rechargeable 
battery 10 may also be stored in the memory 7 so as to be 
outputted by the MPU 6 in response to a request from the 
MPU23 of the device body 21. Furthermore, in place of the 
residual service life TL of the rechargeable battery 10, the 
MPU 6 may output either the residual capacity Q, of the 
rechargeable battery 10 or both the residual service life TL 
and the residual capacity Q, of the rechargeable battery 10 
to the MPU 23 of the device body 21. PR 
As shown in FIG. 3, the table 7e is constituted by four 

tables 71, 72, 73 and 74 corresponding to the battery 
deterioration degrees L of 1, 2, 3 and 4, respectively. For 
Specific values of discharge current ranging from 0.2 c to 2.0 
c and Specific temperatures of the rechargeable battery 10 
ranging from -20°C. to 55 C. at an interval of 5 C., total 
Service capacities for discharge from full charging to the 
final discharge Voltage are Stored as the correction factors Ki 
in each of the tables 71 to 74. In the tables 71 to 74, the 
left-end column represents the Specific values of discharge 
current, while the uppermost row represents the Specific 
temperatures of the rechargeable battery 10. 

In data shown in the tables 71 to 74, FIG. 4 shows relation 
among the total Service capacities for discharge from full 
charging to the final discharge Voltage at the Specific values 
of discharge current at a temperature of 25 C. In FIG. 4, the 
ordinate axis represents Voltage of the Single battery cell in 
Volts, while the abscissa axis represents the total Service 
capacity in mAh. In FIG. 4, “Q”, “O'” and “O'” denote 
total Service capacities for discharge up to a final discharge 
voltage of 3.0 V when the specific values of discharge 
current are 0.2 c, 0.5 c and 1.0 c, respectively. Meanwhile, 
“1.0 c' denotes a value of electric current at which a design 
capacity can be wholly discharged in one hour. For example, 
in a battery having a capacity of 1200 mAh, “1.0 c' denotes 
1200 mA, “O.5 c” denotes 600 mA and “0.2 c” denotes 240 
mA. 

In the table 7e of FIG. 3, the four tables corresponding to 
the deterioration degrees L of 1, 2, 3 and 4 are provided. In 



US 6,294,894 B1 
7 

each of the tables, a total Service capacity of the Single 
battery cell 1 for discharge up to the final discharge Voltage 
of 3.0 V at the value of 0.2 c of discharge current and at the 
temperature of 25 C. as shown in FIG. 4 is employed as the 
reference total Service capacity Q. For the temperature of 
25 C., the correction factors Kiare obtained by dividing Q, 
and Q in FIG. 4, etc. at the temperature of 25 C. by the 
reference total Service capacity Q. For other temperatures 
than 25 C., the correction factors Ki are obtained by using 
also the reference total Service capacity Q at the tempera 
ture of 25 C. and are stored. By storing the correction 
factors Ki without Storing the total Service capacities 
directly, data Storage capacity can be lessened. 

In the table 7e of FIG. 3, by employing the reference total 
Service capacity Q at the value of 0.2 c of discharge current 
and at the temperature of 25 C., ratios of total service 
capacities at the Specific values of discharge current and at 
the specific temperatures from -20° C. to 55 C. at an 
interval of 5 C. to the reference total Service capacity Q are 
taken. When the table 7e is referred to, the correction factor 
Ki corresponding to the present temperature T of the 
rechargeable battery 10 and the present value i of discharge 
current is adopted. However, in case the present temperature 
T of the rechargeable battery 10 and the present value i of 
discharge current are not contained in the table 7e, a ratio for 
values closest to the present temperature T of the recharge 
able battery 10 and the present value i of discharge current 
in the table 7e is adopted as the correction factor K. 

Hereinafter, processings for calculating a residual capac 
ity of the rechargeable battery 10 are described with refer 
ence to flowcharts of FIGS. 2A and 2B. Upon start of 
periodical interruption, it is judged at step S101 whether or 
not the rechargeable battery 10 is under discharge. In the 
case of “NO” at step S101, the program flow proceeds to 
step S201 at which it is judged whether or not the recharge 
able battery 10 is under charging. In the case of “YES” at 
Step S201, charging processings Such as a processing for 
monitoring a terminal Voltage of each of the battery cells 1a, 
1b and 1n under charging are performed at Step S202 So as 
to prevent overcharge of the rechargeable battery 10. On the 
other hand, in the case of “NO” at step S201, it is judged at 
step S203 whether or not the rechargeable battery 10 is 
unused by disconnecting the rechargeable battery 10 from 
the device body 21. In the case of “YES” at step S203, a 
processing corresponding to a State in which the recharge 
able battery 10 is unused is performed at step S204. 
Meanwhile, in the case of “NO” at step S203, another 
processing is performed at step S205. 

Meanwhile, in the case of “YES” at step S101, the 
program 7a is executed by the MPU 6 and thus, the present 
value i of discharge current is detected at step S102. Then, 
the integrated quantity Q, of electricity discharged up to the 
present is calculated at Step S103 by using the equation of 
(Q,-Q+ixAt). It is to be noted that the integrated quantity 
Q, of electricity discharged from a point of full charging to 
a point of Start of discharge is Zero and the period "At 
denotes a duration from the previous calculation to the 
present calculation. When the rechargeable battery 10 is not 
under discharge or other processings are performed, peri 
odical interruption at this time may not be performed. In this 
case, the period At is Set at the Specific initial value or 
becomes larger accordingly. 

Subsequently, the MPU 6 executes the program 7b so as 
to detect the present temperature T of the rechargeable 
battery 10 at step S104 and detect the present deterioration 
degree L of the rechargeable battery 10 at step S105 by 
referring to the number N of charging operations. Then, at 
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8 
step S106, by referring to the table 7e from such parameters 
as the deterioration degree L of the rechargeable battery 10, 
the present temperature T of the rechargeable battery 10 and 
the present value i of discharge current, the correction factor 
Ki corresponding to or closest to these parameters is 
obtained. 

Thereafter, at step S107, the MPU 6 executes the program 
7c and reads out of the memory 7 the reference total service 
capacity Q Stored in the program 7c So as to obtain the total 
Service capacity Q, up to the final discharge Voltage of 3.0 
V by using the equation of (Q=QoxKi). Then, at step S108, 
the residual capacity Q, of the rechargeable battery 10 is 
obtained from the integrated quantity Q, of discharged 
electricity and the total Service capacity Q by using the 
equation of (Q=Q-Q.) Furthermore, at step S109, the 
MPU 6 executes the program 7d so as to obtain the residual 
service life TL of the rechargeable battery 10 from the 
present value i of discharge current by using the equation of 
(TL=Q/i) and transfers the residual service life TL of the 
rechargeable battery 10 to the MPU 23 of the device body 
21. Thus, the processings of FIGS. 2A and 2B have been 
completed. 

In the above mentioned first embodiment, a plurality of 
the tables corresponding to the deterioration degrees L of the 
rechargeable battery 10, respectively are provided in the 
table 7e but may be replaced by a single table which does not 
correspond to the deterioration degrees Lof the rechargeable 
battery 10. Meanwhile, the correction factors Ki are stored 
in the table 7e by using the present temperature T of the 
rechargeable battery 10 and the present value i of discharge 
current as parameters but the total Service capacities Q may 
be directly stored in the table 7e instead of the correction 
factors Ki. Moreover, alternatively, it may also be possible 
to provide in the table 7e a single table for storing the total 
Service capacities Q, which do not correspond to the present 
temperature T of the rechargeable battery 10 but are 
obtained from characteristics corresponding to specific val 
ues of discharge current at ordinary temperature of about 20 
to 25° C. 

In addition, in the first embodiment, the rechargeable 
battery in which the battery cells and the circuit including 
the controller are formed integrally with each other is 
described as one example of the rechargeable battery 
arrangement. However, it is needless to Say that the present 
invention can be applied also to a So-called rechargeable 
battery pack in which a charging circuit and batteries are 
Separately provided initially but are formed integrally with 
each other Subsequently. 
AS is clear from the foregoing description of the first 

embodiment of the present invention, Since total Service 
capacity up to the final discharge Voltage, which varies 
according to value of discharge current, can be referred to by 
the value of discharge current at that time, the present total 
Service capacity is estimated from the present value of 
discharge current Such that the residual capacity of the 
rechargeable battery is calculated, So that the residual capac 
ity of the rechargeable battery can be calculated dynamically 
with higher precision So as to correspond to the value of 
discharge current at the time. As a result, Since the residual 
capacity and the residual Service life of the rechargeable 
battery can be detected more accurately, operating efficiency 
of the rechargeable battery can be improved. 

In FIG. 5, a lithium rechargeable battery 30 according to 
a Second embodiment of the present invention, which acts as 
the rechargeable battery arrangement, is detachably 
mounted in the electronic device 20. In the rechargeable 
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battery 30, the program 7a for calculating the integrated 
quantity of discharged electricity in the rechargeable batter 
10 of the first embodiment is replaced by a program 7a' for 
calculating the integrated quantity of discharged electricity 
at Specific Voltages. Furthermore, in the rechargeable battery 
30, a table 7g indicative of the integrated quantity of 
discharged electricity at the Specific Voltages is additionally 
provided in the memory 7 in comparison with the memory 
7 of the rechargeable battery 10 of the first embodiment. 
Since other constructions of the rechargeable battery 30 are 
similar to those of the rechargeable battery 10 of the first 
embodiment, the description is abbreviated for the sake of 
brevity. 

In the same manner as the first embodiment, the Voltage 
detection circuit 3 is connected to a positive electrode and a 
negative electrode of each of the battery cells 1a, 1b and 1n 
So as to detect terminal Voltages of the respective battery 
cells 1a, 1b and 1n and outputs the present Voltages of the 
respective battery cells 1a, 1b and 1n to the controller 2 in 
accordance with a control Signal from the controller 2. The 
controller 2 causes the MPU 6 to execute the program 7a' 
and obtains the terminal Voltages of the respective battery 
cells 1a, 1b and 1n by generating the above mentioned 
control Signal So as to judge whether or not one of the 
terminal Voltages of the respective battery cells 1a, 1b and 
1n is either one of 3.4 V and 3.2 V. 
The MPU 6 fetches the program 7a' from the memory 7 

periodically at a period At So as to execute the program 7a'. 
When the MPU 6 has executed the program 7a, the MPU 6 
obtains present Voltages V of the respective battery cells 1a, 
1b and 1n from the Voltage detection circuit 3 in accordance 
with the control Signal and judges whether or not one of the 
present voltages V of the battery cells 1a, 1b and 1n is either 
one of predetermined monitoring voltages of 3.4 V and 3.2 
V. In case one of the present voltages V of the battery cells 
1a, 1b and 1n is either 3.4V or 3.2 V, the MPU 6 obtains the 
present value i of discharge current of the rechargeable 
battery 30 and stores the present value i of discharge current 
of the rechargeable battery 30 in the memory 7. 
Furthermore, the MPU 6 obtains the present temperature T 
of the rechargeable battery 30 from the temperature detec 
tion circuit 5 and stores the present temperature T of the 
rechargeable battery 30 in a predetermined area of the 
memory 7. When one of the present voltages V of the battery 
cells 1a, 1b and 1n is 3.4 V in the table 7g, the MPU 6 
obtains the integrated quantity Q, of discharged electricity 
corresponding to the present value i of discharge current of 
the rechargeable battery 30 and the present temperature T of 
the rechargeable battery 30 by referring to a table 75 in FIG. 
8 and Stores the integrated quantity Q, of discharged elec 
tricity in the memory 7. Meanwhile, when one of the present 
voltages V of the battery cells 1a, 1b and in is 3.2 V in the 
table 7g, the MPU 6 obtains the integrated quantity Q, of 
discharged electricity corresponding to the present value i of 
discharge current of the rechargeable battery 30 and the 
present temperature T of the rechargeable battery 30 by 
referring to a table 76 in FIG. 8 and stores the integrated 
quantity Q, of discharged electricity in the memory 7. 
Subsequently, the MPU 6 fetches the program 7b so as to 
calculate the residual capacity of the rechargeable battery 
30. On the other hand, when none of the present voltages V 
of the battery cells 1a, 1b and 1n is 3.4V or 3.2 V, processing 
of the program 7a' is terminated and waiting State for the 
next interruption processing is brought about. 

In the same manner as the first embodiment, when the 
MPU 6 has executed the program 7d, the MPU 6 outputs the 
residual service life TL of the rechargeable battery 30 to the 
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MPU 23 of the device body 21 but may output either the 
residual capacity Q, of the rechargeable battery 30 or both 
the residual Service life TL and the residual capacity Q, of 
the rechargeable battery 30 to the MPU 23 of the device 
body 21 in place of the residual service life TL of the 
rechargeable battery 30. In this case, the residual service life 
TL or the residual capacity Q, of the rechargeable battery 30 
may be stored in the memory 7 such that when a request for 
transmission of the residual service life TL or the residual 
capacity Q, of the rechargeable battery 30 is made by the 
MPU 23 of the device body 21 within a predetermined 
period from completion of the calculation, the MPU 6 
outputs the residual Service life TL or the residual capacity 
Q, of the rechargeable battery 30 to the device body 21 in 
response to the request from the MPU 23. The above 
mentioned predetermined period from completion of the 
calculation is Set at an average period in which Voltage of the 
rechargeable battery 30 drops from 3.4V or 3.2 V at average 
discharge current in Such a range that the calculation error 
does not become large. Meanwhile, in the case where when 
the request for transmission of the residual service life TL or 
the residual capacity Q, of the rechargeable battery 30 has 
been made by the MPU 23 of the device body 21, discharge 
voltage of the rechargeable battery 30 is not less than 3.4 V 
and the residual Service life TL or the residual capacity Q, 
of the rechargeable battery 30 has not yet been calculated or 
in the case where the predetermined period has elapsed from 
completion of the calculation, the MPU 6 may respond to the 
MPU 23 to the effect that it is impossible to calculate the 
residual service life TL or the residual capacity Q, of the 
rechargeable battery 30 or by calculating the residual capac 
ity of the rechargeable battery 30 by other methods, e.g., a 
conventional one referred to earlier. 
The table 7g indicative of the integrated quantity of 

discharged electricity at the Specific Voltages is shown in 
FIG.8. As shown in FIG. 8, the table 7g includes the table 
75 for 3.4 V and the table 76 for 3.2 V. Meanwhile, FIG. 7 
shows relation among total Service capacities for discharge 
from full charging to the final discharge voltage of 3.0 V at 
the Specific values of discharge current at a temperature of 
25 C. In FIG. 7, “Q”, “Q,” and “Q,” denote integrated 
quantities of discharged electricity for discharge up to 3.4 V 
for the single battery cell 1 when the specific values of 
discharge current are 0.2 c, 0.5 c and 1.0 c, respectively. 
Although not specifically shown in FIG. 7, the integrated 
quantities Q.o, Q, and Q, of discharged electricity are 
likewise obtained for 3.2 V. The thus obtained integrated 
quantities Q.o.Q., etc. of discharged electricity for the 
Specific values of discharge current ranging from 0.2 c to 2.0 
c at the temperature of 25 C. are stored as values Q, in the 
tables 75 and 76 of the table 7g. For other temperatures than 
25 C., the values Q, are similarly stored in the tables 75 and 
76 of the table 7g. 
The table 7g is referred to by the MPU 6 when the MPU 

6 executes the program 7a'. Namely, the MPU 6 judges 
whether the present voltage V of the selected battery cell 1 
is 3.4 V or 3.2 V. If the MPU 6 has judged that the present 
voltage V of the battery cell 1 is 3.4 V, the MPU 6 refers to 
the table 75 and reads out of a row corresponding to or 
closest to the present value i of discharge current an inte 
grated quantity Q, of discharged electricity corresponding to 
or closest to the present temperature T of the rechargeable 
battery 30 So as to store the integrated quantity Q, of 
discharged electricity in the parameter Storage area 7f of the 
memory 7. Meanwhile, if the MPU 6 has judged that the 
present voltage V of the battery cell 1 is 3.2 V, the MPU 6 
refers to the table 76 and likewise reads an integrated 
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quantity Q, of discharged electricity out of the table 76 so 
as to store the integrated quantity Q, of discharged electric 
ity in the parameter Storage area 7f of the memory 7. 
As will been seen from the graph of FIG. 7, the charac 

teristic curves in the range of between 3.4 V and 3.0 V have 
large inclination and gaps among them are widened. On the 
other hand, the characteristic curves in the range of between 
4.2 V and 3.6 V are comparatively linear so as to have small 
inclination and gaps among them are narrow. From Such 
features of the curves, it is apparent that detection of the 
integrated quantity Q, of discharged electricity at a voltage 
of 3.0 V to about 3.4 V will give a more accurate value of 
the integrated quantity Q, of discharged electricity than that 
at a voltage of 3.4 V or more. Meanwhile, residual capacity 
of the rechargeable battery 30 offers a problem not when 
voltage of the battery cell 1 is high but when voltage of the 
battery cell 1 has reached about 3.4V or less. Consequently, 
it is quite Vital that a highly accurate integrated quantity of 
discharged electricity is obtained in the vicinity of 3.4 V or 
3.2 V. 

Hereinafter, processings for calculating a residual capac 
ity of the rechargeable battery 30 are described with refer 
ence to flowcharts of FIGS. 6A and 6B. Since steps S301, 
S306 to S310 and S401 to S405 of FIGS. 6A and 6B are, 
respectively, identical with steps S101, S105 to S109 and 
S201 to S205 of FIGS. 2A and 2B, the description is 
abbreviated for the sake of brevity. In the case of “YES” at 
step S301, the program 7a' is executed by the MPU 6 and 
thus, the present Voltages V of the respective battery cells 
1a, 1b and 1n are detected and stored in the memory 7 at step 
S302. Then, at step S303, it is judged whether or not one of 
the present voltages V of the battery cells 1a, 1b and 1n is 
either one of 3.4 V and 3.2 V. In the case of “NO” at step 
S303, the processings are terminated. On the other hand, in 
the case of “YES” at step S303, the present value i of 
discharge current and the present temperature T of the 
rechargeable battery 30 are detected at step S304. Then, at 
Step S305, the integrated quantity Q, of discharged electric 
ity at 3.4 V or 3.2 V is obtained by referring to the table 7g 
and is Stored in the parameter Storage area 7f 

Meanwhile, at step S303, it is preferable that 3.4V and 3.2 
V have a tolerance of (+C). By giving the tolerance to 3.4 V 
and 3.2 V, the residual capacity of the rechargeable battery 
30 can be calculated positively even if voltage of the battery 
cell 1 varies more or less. Furthermore, when a request for 
the residual capacity of the rechargeable battery 30 has been 
made by the device body 21, range capable of responding to 
the request is increased by the tolerance. 

In the second embodiment, the table 7g has the two tables 
for the specific voltages of 3.4 V and 3.2 V, respectively. 
However, it is needless to say that if a number of tables 
corresponding to a number of Voltages, respectively are 
provided in the table 7g, the integrated quantity of dis 
charged electricity can be obtained more accurately. 

Moreover, in the second embodiment, since the four 
deterioration degrees L of 1 to 4 of the rechargeable battery 
30 are detected, the table 7g of FIG. 8 can be provided for 
each of the deterioration degrees L of the rechargeable 
battery 30. In this case, the number of each of the tables 75 
and 76 of the table 7g is four corresponding to the deterio 
ration degrees L of the rechargeable battery 30, respectively 
and step S306 for detecting the deterioration degree L of the 
rechargeable battery 30 precedes step S305 for obtaining the 
integrated quantity Q, of discharged electricity. Thus, after 
the deterioration degree L of the rechargeable battery 30 has 
been detected at step S306, the integrated quantity Q, of 
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discharged electricity corresponding to the deterioration 
degree L of the rechargeable battery 30 is obtained at step 
S305 by referring to one of the tables 75 or 76, which 
corresponds to the deterioration degree Lof the rechargeable 
battery 30. 
AS is clear from the foregoing description of the Second 

embodiment of the present invention, Since the total Service 
capacity up to the final discharge Voltage, which varies 
according to value of discharge current, is estimated from 
the present value of discharged electricity by referring to the 
first data Storage means and the integrated quantity of 
discharged electricity at the Specific Voltages is obtained by 
reducing calculation error of the integrated quantity of 
discharged electricity by the Second data Storage means, the 
residual capacity of the rechargeable battery is calculated 
from the total Service capacity and the integrated quantity of 
discharged electricity, So that the residual capacity of the 
rechargeable battery can be calculated more accurately and 
dynamically So as to correspond to value of discharge 
current at the time. As a result, Since the residual capacity 
and the residual Service life of the rechargeable battery can 
be detected more accurately, operating efficiency of the 
rechargeable battery can be improved. 
What is claimed is: 
1. A rechargeable battery arrangement in which total 

Service capacity for discharge from full charging to a final 
discharge Voltage varies according to discharge conditions 
for discharging charged electric charge, comprising: 

an integration means which integrates quantity of electric 
charge discharged between a point of Start of discharge 
after charging and the present; 

a data Storage means for Storing a plurality of total Service 
capacities for discharge at a plurality of values of 
discharge current, respectively in unique association 
with a specific one of the total Service capacities for 
discharge at a specific one of the values of discharge 
current, 

a current detection means for detecting a present value of 
discharge current, and 

a calculation means which obtains, from data obtained by 
the data Storage means on the basis of the present value 
of discharge current detected by the current detection 
means, a total Service capacity corresponding to or 
closest to the present value of discharge current and 
calculates, from the total Service capacity and an inte 
grated value obtained by the integration means, a 
residual capacity of electric charge for discharge. 

2. A rechargeable battery arrangement as claimed in claim 
1, wherein the data Storage means includes a table for 
asSociating the total Service capacities with the values of 
discharge current and predetermined temperatures, 

wherein the table employs the specific one of the total 
Service capacities at a specific one of the predetermined 
temperatures as a reference total Service capacity and 
Stores the total Service capacities as ratioS of the total 
Service capacities to the reference total Service capac 
ity. 

3. A rechargeable battery arrangement as claimed in claim 
2, which includes a plurality of battery cells connected to 
each other in Series, 

wherein the discharge current is electric current from the 
battery cells. 

4. A rechargeable battery arrangement in which total 
Service capacity for discharge from full charging to a final 
discharge Voltage varies according to discharge conditions 
for discharging charged electric charge, comprising: 
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at least one battery cell, 
a first data Storage means for Storing a plurality of total 

Service capacities for discharge at a plurality of values 
of discharge current, respectively in unique association 
with a specific one of the total Service capacities for 
discharge at a specific one of the values of discharge 
current, 

a Second data Storage means for Storing a plurality of 
integrated quantities of discharged electricity for dis 
charge from full charging to a predetermined discharge 
Voltage at the values of discharge current, respectively; 

a Voltage detection means for detecting a present Voltage 
of the battery cell; 

a current detection means for detecting a present value of 
discharge current; 

a judgement means for judging whether or not the present 
Voltage obtained by the Voltage detection means is 
Substantially coincident with the predetermined dis 
charge Voltage of the Second data Storage means, and 

a calculation means which obtains, from data obtained by 
the first data Storage means on the basis of the present 
value of discharge current detected by the current 
detection means, a total Service capacity corresponding 
to or closest to the present value of discharge current in 
case the judgement means judges that the present 
Voltage is Substantially coincident with the predeter 
mined discharge Voltage; 

wherein the calculation means obtains from the Second 
data Storage means one of the integrated quantities of 
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discharged electricity corresponding to the present 
value of discharge current So as to calculate, from the 
total Service capacity and the one of the integrated 
quantities of discharged electricity, a residual capacity 
of electric charge for discharge. 

5. A rechargeable battery arrangement as claimed in claim 
4, wherein a plurality of the battery cells are connected to 
each other in Series. 

6. A rechargeable battery arrangement as claimed in claim 
4, wherein the first data Storage means includes a table for 
asSociating the total Service capacities with the values of 
discharge current and predetermined temperatures, 

wherein the table employs the specific one of the total 
Service capacities at a specific one of the predetermined 
temperatures as a reference total Service capacity and 
Stores the total Service capacities as ratioS of the total 
Service capacities to the reference total Service capac 
ity. 

7. A rechargeable battery arrangement as claimed in claim 
5, wherein the first data Storage means includes a table for 
asSociating the total Service capacities with the values of 
discharge current and predetermined temperatures, 

wherein the table employs the specific one of the total 
Service capacities at a specific one of the predetermined 
temperatures as a reference total Service capacity and 
Stores the total Service capacities as ratioS of the total 
Service capacities to the reference total Service capac 
ity. 


